The influence of vegetation upon bedload transport and channel morphodynamics is 16 examined along a channel stability gradient ranging from meandering through anabranching 17 through anabranching-braided to fully braided planform conditions along trunk and tributary 18 reaches of the Upper Yellow River in western China. Although the regional geology and 19 climate are relatively consistent across the study area, there is a distinct gradient in the 20 presence and abundance of riparian vegetation for these reaches atop the Qinghai-Tibet 21
Introduction 8
Transitions in river character and behaviour are a key focal point of enquiry in fields such as 9 geomorphology, hydrology, and sedimentology. Such concerns have significant management 10 applications, especially relating to issues such as management of flood risk and sedimentation 11 hazards. These issues are likely to become even more pronounced in the future, as rivers 12 adjust in response to climate and land use changes, and management actions. Putting aside 13 concerns for terminological issues associated with differentiation of river types and their 14 morphological attributes (see Lewin River atop the Qinghai-Tibet Plateau in western China. 20 Channel bars are products of instream deposition of bedload materials, whether at the channel 21 margin (bank-attached forms) or mid-channel features (bars) (Brierley and Fryirs, 2005) . 22 Typically, bars mutually adjust with channel geometry, such that they scale to the size of the 23 channel in which they form (Task Force on Bed Forms in Alluvial Channels, 1966; Nicholas 24 et al., 2013) . If these features become vegetated and stabilized, they are referred to as islands. 25 Unit bars (migrating lobate bed forms with heights and lengths that scale with channel depth 26 and width) are differentiated from larger, more complex compound bars (e.g. Bridge, 1993; 27 Brierley, 1989 Brierley, , 1991 Smith, 1974) Mertes et al., 1996) . Moreover, 3 Brierley and Hickin (1991) and Brierley (1996) highlight how analyses of sediment sequences 4 made up of facies and element-scale assemblages of bar deposits cannot be used to 5 differentiate among channel planform types. 6 There is notable variability in the presence, form and hydraulic/sedimentologic 7 (morphodynamic) role of bars along the continuum of channel planform (Bridge, 1993; 8 Brierley, 1996) . By definition, as suspended-load rivers have limited bedload-calibre 9 materials, they have very few, if any, bars. The prominence of fine-grained (silt-clay) deposits 10 under low energy conditions (often very low channel gradient) promotes passive channel 11 behaviour, typically with a low sinuosity, passive meandering or anabranching (anastomosing) configurations (the principle of geomorphic convergence, or equifinality). It is not our 7 concern here to address this issue directly. Rather, our focus lies with analysis of relationships 8 between bedload transport capacity and channel morphodynamics along a continuum of 9 channel planform types along the Upper Yellow River. This continuum is coincident with a 10 gradation in riparian vegetation cover (Yu et al., 2014) . 11
In some instances, vegetation may support the long-term stable development of sandbars 12 within a stable multi-channel system -a variant of an anabranching river (Latrubesse, 2008; 13 Nanson and Knighton, 1996; Murray and Paola, 2003; Tal and Paola, 2010). Bar stability is 14 the key distinguishing attribute of braided and anabranching rivers. Vegetation increases flow 15 resistance and stabilizes the channel bed and bank in the latter instance, thereby altering 16 channel geometry, bedload transport rates, and the resulting rates and patterns of bed 17 deposition or erosion. Once a particular morphology has been formed, the configuration of 18 channels and associated distribution of bars and roughness elements fashions process 19 responses to subsequent flood events (Hooke, 1986 (Hooke, , 2015 The best available hydrological data that could be accessed for this study were daily stage-26 discharge data from Jimai , monthly stage-discharge data from Maqu Table 2 . 6
Dari reach has a semi-braided and semi-anabranching channel in a wide valley ( Fig.2 (R1) 7 and Fig. 3 ). This braided-anabranching transition zone is considered to be semi-stable, with 8 an active channel zone that is around 1 km wide. The braided part of the channel is made up 9 of many small mid-channel and transverse bars, with multiple connected branching channels. 10
In the anabranching part, the large bars/islands are covered by dense grassland vegetation. 11
Given the extensive width of the active channel zone, annual floods during June-September 12 exert negligible impacts upon these relatively stable surfaces. 13
The Maqu reach is located in a wide alluvial valley. The dense tree cover of the vegetated 14 islands is indicative of a stable channel configuration (see Fig. 2 (R2) and Fig. 4 ). During the 15 flood season, tree trunks are partly submerged into water, but the dense trees are sufficiently 16 strong to limit bed erosion. As a result, the anabranching system as a whole is quite stable 17 with high bedload transport capacity. 18
Lanmucuo River is a meadow meandering river with nearly 100% vegetation cover(see has a typical composite bank sedimentology of a mixed load river (Fig. 7(c) ). An upward-17 fining sequence is characterized by a basal gravel unit (d 50 = 5.5 mm) extending to a 10-30 cm 18 thick silt/sand layer (d 50 = 0.03 mm) that is capped by a 10-50 cm thick fine-grained soil-root 19 complex (d 50 = 0.02 mm). Conversely, the bank of the middle Daheba River has characteristic 20 deposits of a bedload-dominated river, with gravel and a sparse grass cover ( Fig.7(d) ). 21 Adjacent terraces that are more than 10m high limit the capacity for channel widening, while 22 actively supplying gravels. Mobile gravel banks influence the braided characteristics of 23 Daheba River. In summary, bank strength of the four study reaches varies from high to low as 24 follows: Maqu reach, Lanmucuo River, Dari reach, and Daheba River. 25
Estimation of bedload transport capacity 26
Given the lack of observed data of bed load transport rate, bedload transport capacity has been 27 estimated for a rectangular cross-section using the theoretical bed load formulae outlined 28 Cross-section and water depth were measured based on field survey and remote sensing 1 images (see Table 2 ). Estimated hydraulic parameters and bedload transport capacity for the 2 four reaches, derived using Eq. (1)- (5), are summarised in Table 3 . Note that channel width is 3 effective bankfull width in the flood season, not valley width due to the existence of bars. The 4 adopted mean grain size is lower than bed sediment size. These results are considered to be 5 approximations, at best, and are analysed here solely in relational rather than absolute terms. 6
Results show that the bedload transport capacity of the four reaches from high to low is as 7 follows: Maqu, Lanmucuo, Dari, and Daheba reaches. 
10
Dari reach is a wide semi-braided and semi-anabranching channel, where the channel width is 11 up to 1600 m ( Fig.3(a) Since Dari reach is a multi-thread channel system, the stage-discharge relationship is not a 24 single function relationship. In non-flood months (December, January, February, March, and 25 April) the river bed is frozen. May and November are pivotal times in the stage-discharge 26 relationship (the former reflects ice melt, the latter freezing). In flood months (June, July, 27
August, and September) the stage-discharge relationship adjusts due to strongly erosion and 28 deposition within the channel. For instance, different discharges for the same flow stage in 29 June and July 1968 are considered to reflect erosion of the channel (Fig. 8(a) ). In the other 30 instance shown here, the maximum discharge in 1984 occurred in July (Fig.8(b) ), probably 31 marking the transition from erosion to deposition phases. erosion divides bars and deposits to form new bars is shown in Fig. 10.  12 13 Maqu reach in wide Ruoergai basin is covered by dense tress (Salix atopantha) and has a 14 stable anabranching channel planform (Fig. 4a) . It is postulated that a herb and shrub cover 15 gradually supports the stabilization of new bars, facilitating sediment deposition on the body 16 of the bar during low and middle flood stages, and protecting the bar from erosion at high 17 flood stages. Subsequent development of trees presents a tall green barrier in the flood period 18 (Fig. 12) . Although the water floods trees, their density induces sufficient resistance to 19 decrease the flow velocity and trap fine sand and gravel on the body of the bar. Therefore, this 20 anabranching channel system is basically stable over a decadal timescale. 21
Maqu reach (anabranching river with tree cover)
Water stage change at Maqu station from 1959-1970 is shown in Fig. 11 characterized by large bends in a flat valley, mid-channel gravel bar covered by herbs 5 sometimes form at the apex of bends (Fig. 5(a) can increase flow resistance and promote fine sand deposition (Fig.13) , thereby maintaining 11 channel geometry with a relatively low migration rate. Growth of herbs on mid-channel bars 12 an apices (Fig.5(a) ) helps to increase the flow resistance and trap fine sediment, facilitating 13 channel stability. 14 increases the local bed slope, thereby increasing bedload transport capacity. According to Eq. 5 (3), a 10% increase in bed slope increases the transport capacity by 85% in Daheba reach, so 6 bed erosion occurs again. Bed erosion decreases the bed slope until the transport capacity has 7 adjusted to reduced sediment supply, thereby inducing riverbed deposition once more. 8
Daheba River (unvegetated braided river)
Consequently, alterative deposition and erosion leads to the extreme instability in the middle 9 and lower Daheba River. 
